
 

Kittelson & Associates, Inc.    

TECHNICAL MEMORANDUM  

INTRODUCTION 

Kittelson & Associates, Inc. (Kittelson) and Jensen Hughes are assisting the Tuolumne County 
Transportation Council (TCTC) and City of Sonora with developing an Emergency Evacuation 
Routes and Communication Strategies Plan. The Plan focuses on identifying high risk locations, 
vulnerable populations, and potential evacuation routes within Tuolumne County in case of 
wildfire events and will include strategies to address roadway capacity and public outreach 
during emergency evacuations. 

This technical memorandum outlines the Kittelson and Jensen Hughes approach and 
methodology for Task 2 and Task 3 of the TCTC Evacuation Routes and Communication 
Strategies plan development. The approach and methodology are divided into the following 
categories: 

 Task 2 – Identify High Risk Locations 
 Task 3 – Identification of Roadway Network Deficiencies and Strategies for Increasing 

Capacity and Efficiency 

The results from Task 2 and Task 3 will help to define the analysis in Task 4 (Identifying Vulnerable 
Populations in Evacuations) and Task 5 (Identify Shelter-in-Place Locations). 
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TASK 2 – IDENTIFYING HIGH RISK LOCATIONS 

Task 2 will identify locations in the County that are at greater risk from forest fires. This analysis will 
be done in two parts. First, the project team will evaluate publicly available fire risk datasets to 
identify which locations in the county are at greater risk from forest fires. Then, the project team 
will work with County staff to evaluate risk faced by existing or potential land uses and identify 
up to 20 analysis subareas for use in Task 3 to evaluate evacuation scenarios.  

The approach and methodology are divided into the following sub-tasks: 

 Identifying Fire Hazard Risk 
 Identifying Land Use Risk 
 Identifying Analysis Subareas 

FIRE HAZARD RISK 

The first part of Task 2 will produce a composite risk map that identifies relative fire risk throughout 
Tuolumne County. The risk map will be based on analysis conducted using available data from 
the County and public sources. The work will be led by Jensen Hughes. 

FIRE HAZARD ANALYSIS  

 Methodology 

 Jensen Hughes will evaluate published wildfire history and hazard severity data from 
State and Local resources. 

 Using Remote Automated Weather Station (RAWS) data, Jensen Hughes will perform a 
weather analysis to determine a representative core fire season and the associated 90th 
and 97th percentile conditions. These conditions will be evaluated against recent, major 
wildfire incidents, which may exceed the 97th percentile. 

 Using ignition history from CAL FIRE and United States Department of Agriculture Forest 
Service (USFS), Jensen Hughes will perform a hot spot analysis to identify statistically 
significant igntion locations (both weighted and unweighted). This will be reviewed with 
Tuolumne County fire agencies to confirm design basis locations for “match-drop” 
analyses. 

 Using fuel data from the USFS and Department of Interior LANDFIRE service and outputs 
from the weather analysis, Jensen Hughes will run several fire behavior models to 
determine key fire characterisitics throughout the County. Outputs from the models 
include flame length, rate of spread, burn probability, and maximum spotting distance. 
Where needed a series of Monte Carlo fire simulation will be performed to further 
characterize and prioritize design fire scenarios. 

 Data Sources 

 CAL FIRE Fire Hazard Severity Zones and any modifications from local fire agencies 
 CAL FIRE fire history data 
 RAWS weather data 
 Vegetative land cover from LANDFIRE, CAL FIRE and Tuolumne County  
 Fuel models from LANDFIRE 
 Topography from LANDFIRE 
 Ignition history data from CAL FIRE and USFS 
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VULNERABILITY ANALYSIS 

 Methodology 

 To help identify and prioritize high risk communities, a vulnerabillty assessment will be 
undertaken using a variety of published datasets/tools. Vulnerability will be evaluated  
from three main perspctives: (1) social vulnerabilitiies, (2) physical vulnerabilities, and 
(3) coping capacity vulnerabilities (e.g., access to firefighting resources).  As vulnerability 
assessments are often limited by the availability, quality, and scale of the datasets, the 
corresponding analyses performed by the project team will be governed by these 
limitations.  

 Jensen Hughes will evaluate social vulnerability from existing datasets (e.g., 
demographics, locations of high visitor populations, access & functional needs)  

 Jensen Hughes will evaluate various physical vulnerabilities to wildfire incidents from 
existing datasets (e.g., communities at risk, limited access/egress communities, wildland-
urban interface (WUI), housing, high-value assests). 

 Jensen Hughes will evaluate various coping capacity vulnerabilities from existing 
datasets (e.g., water supplies, distance to fire stations, communications/signal). 

 Data Sources 

 Population demographics (e.g., total population, low socio-economics, tribal 
groups/lands, transit dependent population, elderly/child population, non-English 
speaking population, institutionalized population, high visitor/transient population 
locations, etc.) 

 CAL FIRE “Communities at Risk” 
 CAL FIRE and Tuolumne County designated vulnerable communities based on 

access/egress constraints 
 WUI risk level 
 Primary/secondary evacuation routes 
 County designated shelter in place locations 
 Housing/building data 
 Water supplies (e.g., tanks, cisterns, hydrants), if available in GIS 

DEVELOP COMPOSITE RISK MAP 

 Methodology 

 Jensen Hughes and TCTC will coordinate to develop a composite risk map for the 
County using one or more of the outputs created from the fire hazard and vulnerability 
assessments. This composite risk map acts as a single file to measure risk that can be 
applied to Task 3. 

 The composite risk map will be created by weighting different risk measurements to best 
reflect the risks that are the priority to be addressed by the project. Highest risk would 
likely be associated with vulnerable communities that also have a high risk of wildfire 
exposure and insufficient access/egress routes. Composite risk will be determined based 
on future conversations with TCTC staff. 

DELIVERABLES 

 Up to five (5) maps of the fire hazard data and analysis outputs 
 Recommended comprehensive risk map that reflects risk for prioritization purposes 
 Geodatabase of all fire hazard and risk analysis outputs will be provided  
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LAND USE RISK 

The second part of Task 2 will identify relative risk to existing and potential land uses, including 
residential and commercial areas, and community facilities. The composite fire risk map from the 
first part of Task 2 will be used to measure risk faced by existing and planned land uses in the 
County. In addition to measuring risk, the work will provide context for structuring analyses in 
subsequent tasks and incorporate local knowledge into the risk assessment. This task will be led 
by Kittelson. 

EVALUATE LAND USE DATA 

 Methodology 

 Kittelson will review existing land use data to identify residential and commercial areas 
and community facilities in the County and measure risk based on the comprehensive 
risk map. 

 Kittelson will identify areas at higher fire risk that contain concentrations of residential, 
commerical, and/or community facilities. Kittelson will also consider population data 
prepared in the Fire Hazard Risk task to identify concentrations of individuals at higher 
risk during emergency evacuations. 

 Where data is available, Kittelson will provide added detail for community infrastructure. 

 Data Sources 

 Tuolumne County parcel data (with land use/zoning information)  
 Building Footprints 
 Critical Infrastructure (e.g., schools, fire stations, police stations, hospitals, evacuation 

shelters, etc.) 

IDENTIFY UNCAPTURED SITES 

 Methodology 

 Kittelson will present findings based on provided land use and building data to TCTC 
and County staff. 

 Kittleson will work with County staff to identify locations where available data may not 
capture existing resident or visitor activity (e.g., summer camps) or planned 
developments. 

 Data Sources 

 Outputs from Evaluate Land Use Data 

DELIVERABLES 

 Map identifying relative risk to existing land uses across the County, with a focus on 
community facilities 

 Map identifying relative fire risk in areas of the County where there is potential 
development, either as allowed by zoning or based on planned development 
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IDENTIFYING ANALYSIS SUBAREAS 

The third part of Task 2 will identify evacuation analysis subareas within the County. The subareas 
will be defined by considering relative risk, land use, and roadway access. The subareas will be 
used in Task 3 to inform modeling of evacuation scenarios and help identify strategies for 
increasing capacity and efficiency on the roadway network.  

The evacuation analysis subareas will cover the entire County. They will vary in size, generally 
larger in areas of the County with fewer people or lower fire risk, and smaller where there are 
concentrations of people, critical infrastructure, and/or greater fire risk. 

DEFINE SUBAREAS 

 Methodology 

 Use outputs from the Fire Hazard and Land Use Risk analyses to identify locations that are 
at higher risk of fire and would endanger residents or visitors to the County. Ouputs will 
be spatially overlayed to identify high risk areas that can be prioritized in emergency 
scenarios. 

 Conduct a spatial analysis that considers land use and roadway network data to define 
draft subareas throughout the County based on shared evacuation paths. 

 Present draft subareas and work with TCTC and staff identified stakeholders to refine 
analysis subareas to create final set of up to 20 subareas to use in the project analysis. 

 Data Inputs 

 Fire Risk analysis outputs 
 Land Use Risk analysis outputs 
 Roadway network data 

DELIVERABLES 

 Map identifying up to 20 analysis subareas 
 Geodatabase of all data used for analyses and maps to support high risk resources  
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TASK 3 - IDENTIFICATION OF ROADWAY NETWORK DEFICIENCIES AND 
STRATEGIES FOR INCREASING CAPACITY AND EFFICIENCY 

Understanding the existing roadway network and its constraints is critical for identifying 
evacuation routes. The project team will review the existing roadway and trail network in 
Tuolumne County to understand areas of limited capacity and potential for secondary access 
and egress for evacuation routes. 

COUNTYWIDE ROADWAY NETWORK 

The Kittelson team will review the County roadway network characteristics to identify limits and 
constraints for evacuating higher-risk areas. Strategies and project concepts will be developed 
to support improvements to the roadway system.  

DEFINE SCENARIOS 

The first step of Task 3 will be to define potential emergency scenarios where evacuation would 
take place. Kittelson will lead the task, with support from Jensen Hughes. 

 Methodology 

 Using the roadway network and output from Task 2, the Kittelson team will work with 
TCTC to develop emergency scenarios to test evacuation routes. Evacuations are 
assumed to start in the evacuation analysis subareas defined in Task 2 

 Identify up to five (5) emergency scenarios to analyze potential evacuation routes 

 Data Sources 

 Tuolumne County roadway network 
 Output from Task 2 – Identifying Analysis Subareas 

CONDUCT SCENARIO ANALYSIS 

The second step of Task 3 is to analyze the emergency scenarios for potential evacuation routes 
and identify roadway constraints along them. Kittelson will lead the task, with support from 
Jensen Hughes. 

 Methodology 

 Using the emergency scenarios developed in the first part of Task 3 and the County 
roadway network, the Kittelson team will analyze evacuation routes from each of the 
analysis subareas using the emergency scenarios.  

 The analysis will be conducted as a planning-level analysis that identifies likely 
bottlenecks and operation concerns, based on: 

o estimated potential vehicular demand during an evacuation; and, 
o estimated roadway vehicle capacity based on roadway width and lanes. 

 Kittelson will develop a toolbox of strategies to mitigate potential bottlenecks and 
facilitate evacuation during emergencies. 

 Kittelson will create concept plans to illustrate improvements to the roadway network to 
mitigate bottlenecks and other constraints during evacuations. These concept plans will 
act as a framework for future improvements to similar locations in the County. 
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 Data Sources 

 Emergency Scenarios from Task 3 
 Tuolumne County Transportation Model 
 Tuolumne County roadway network 

DELIVERABLES 

 Up to five (5) fire scenarios identifying evacuation routes in the County 
 Toolbox of strategies to mitigate bottlenecks and other constraints along evacuation routes 
 Ten (10) concept plans to illustrate potential improvements and provide framework to 

future improvements 
 Geodatabase of all data used for scenario analyses 

SECONDARY ACCESS AND ACTIVE TRANSPORTATION 

Trail data, USFS roads, and fire routes can be used as evacuation routes in case of emergencies. 
Kittelson will review existing trail and USFS road data to determine potential secondary access 
routes. 

ACCESS EVALUATION 

 Methodology 

 Using trail and USFS road datasets, as well as output from the Scenario Analysis, Kittelson 
will identify potential secondary evacuation routes that may relieve pressure on the 
roadway network or create a secondary evacuation route for each evacuation analysis 
subarea. Note that these secondary access routes may require improvements to make 
them a viable evacuation route. 

 Data Sources 

 Tuolumne County roadway network 
 Trail data 
 USFS road data 
 Fire Road data 
 Output from Task 2 – Identifying Analysis Subareas and Composite Risk Map 

DELIVERABLES 

 Up to five (5) potential new evacuation route locations to support the evacuation network 
 Secondary Access & Active Transportation Analysis document (draft and final) 
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